Objective: To assess the risk of neonatal mortality and morbidity in vertex-vertex second twins according to mode of delivery and birth weight.
Introduction
Over the last two decades, industrialized countries have witnessed dramatic increases in the incidence of twins, due in part to the delayed pregnancy and in part to increased use of assisted reproductive technology. 1 Perinatal mortality and morbidity are 4-6-fold higher in twins than in singletons. 2 There are several contributing factors for the increased risk of adverse neonatal outcomes in twins; one such factor is the mode of delivery, especially for the second-born twins. [3] [4] [5] [6] There are three modes of delivery options for twins: delivery by cesarean section after cesarean delivery of first twin, delivery vaginally after vaginal delivery of first twin, and delivery by cesarean section after vaginal delivery of the first twin. This third mode of delivery occurs in about 9.5% of second twins after vaginal delivery of the first twin. 7 The second twins with emergency cesarean delivery had worst neonatal outcomes compared with the second twins with both twins delivered vaginally or both twins delivered by cesarean section. 5, 6 However, in these studies, we did not examine neonatal outcomes according to the presentation of the twins.
Vertex for both twins is the most common presentation, occurring from 38.4 to 47.5% of twin births. [8] [9] [10] [11] [12] [13] [14] There is a general consensus that vaginal delivery for twins is safe when both are vertex presenting. 15, 16 However, it should be noted that this consensus is not drawn on results from randomized clinical trials, but based on expert opinion. It has also been suggested that the method of delivery for vertex-vertex twins should be based on the infant's birth weight. For example, authors have recommended that a planned cesarean delivery should be considered for infants with a birth weight <1500 g, whereas a trial of labor should be allowed for infants with a birth weight in the range 1500-4000 g. 17, 18 Again, these recommendations have been based on the expert opinion rather than the results from randomized controlled trials or observational studies.
The objective of this study is to compare the neonatal outcomes in the vertex-vertex second twins according to mode of delivery, both in overall population and after stratifying the infants according to their birth weight: those with a birth weight of <1500 g, 1500-2499 g, and X2500 g.
Methods
We carried out a population-based retrospective cohort study of all twin births in the US for the period of 1995-1997, using the Matched Multiple Birth File created by the Centers for Disease Control and Prevention. 19 The matching was successful for 98.8% of twin birth sets. 19 Only live births were included in this study. Live births with gestational age less than 24 weeks or with birth weight less than 500 g were excluded because these newborn's viability can be questionable.
We restricted our study to vertex-vertex second twins. The study subjects were divided into two groups by mode of delivery: delivery by cesarean section after cesarean delivery of first twin (C-C), and all second twins after vaginal delivery of first twin (V-X). We further divided second group into two subgroups: vaginal delivery (V-V) and cesarean delivery (V-C). We derived a new variable, which was birth-weight discordance within the pair of twins (second twin 25% smaller or 25% larger than the first twin).
Main study outcomes of interest included neonatal mortality and morbidity. Neonatal death was defined as live born infant who died within 28 days of life. To test the hypothesis that the association between mode of delivery and neonatal mortality would be stronger in those deaths not caused by lethal congenital anomaly and those caused by asphyxia, we compared the rates of noncongenital anomaly-related and asphyxia-related neonatal mortality among these groups. For noncongenital anomaly-related neonatal mortality, we excluded deaths with cause of death being congenital anomaly. The grouping for noncongenital anomaly-or asphyxia-related neonatal deaths were according to the International Collaborative Effort on Infant Mortality, 20 and the standard National Center for Health Statistics categories. Neonatal morbidity examined in this study included lower 5-min Apgar score (p3), the need for mechanical ventilation, and the occurrence of seizure.
We first compared the distribution of maternal and infant characteristics of the three study groups. We then estimated the crude odds ratios (ORs) and adjusted odds ratios (aORs) for mode of delivery using unconditional logistic regression with C-C group as the reference. Potential confounding variables included maternal age (<20, 20-29, 30-34, and X35 years), race (white, not white), marital status (yes, no), cigarette smoking during pregnancy (yes, no, not stated), parity (0, 1 þ ), one of these complications (diabetes, pregnancy-associated hypertension, eclampsia, abruption placenta, and placenta previa) (yes, no), one of abnormal conditions during labor (precipitous labor, prolonged labor, dysfunctional labor, cephalopelvic disproportion, cord prolapse, and fetal distress) (yes, no), birth-weight discordance (second twin 25% larger, second twin 25% smaller, remaining), fetal gender (female, male), and gestational age (24-27 weeks, 28-31 weeks, and X32 weeks in the birth weight <1500 g group, 24-35 weeks and X36 weeks both in birth weight 1500-2499, and X2500 g groups). All analyses were performed using SAS-PC statistical software version 8 (SAS Inc., NC).
Results
There were 95 977 vertex-vertex second twins in the database. We excluded 9936 second twins (fetal death (1479), gestational age <24 completed weeks (1381), birth weight <500 g (283), and missing information on delivery (6793)), leaving 86 041 eligible vertex-vertex second twins for analysis. Among them, 36 977 (43.0%) were in the C-C group, 46 071 (53.5%) in the V-V group, and 2993 (3.5%) in the V-C group. The rate of emergency cesarean delivery for the second twin after vaginal delivery of the first twin was 6.1% in all vertex-vertex second twins, 11.3% in birth weight <1500 g, 5.8% in birth weight 1500-2499 g, and 5.7% in birth weight X2500 g. Table 1 displays the distribution of maternal and infant characteristics among the three study groups. The proportions of non-white race, unmarried, high parity, and late prenatal care initiation were higher in the V-C group than the C-C group ( Table 1 ). The differences in maternal and fetal characteristics between the V-V group and the C-C group tended to be smaller. a The State of California, Indiana, South Dakota, and New York (except for New York city) did not send data on smoking. C-C group: delivery by cesarean section after cesarean delivery of first twin; V-V group: delivery vaginally after vaginal delivery of first twin; V-C group: the second twins delivered by cesarean section after vaginal delivery of the first twin.
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The proportion of maternal complications was significantly higher in the C-C group as compared with both V-V and V-C groups (Table 1) . In second twins with birth weight <1500 g, the incidence of noncongenital anomaly-related death was significantly higher in the V-X group (8.29%) than in the C-C group (5.81%). The aOR was 1.24 (1.01, 1.52). However, the relationship was only true in the V-V group when the V-X group was broken into the V-V group and the V-C group. The incidence of low Apgar score was significantly higher in the V-X group (3.94%) than in the C-C group (2.42%). The OR and its 95% CI was 1.66 (1.26, 2.17). After adjusting for confounders, the aOR was 1.38 (1.04, 1.84). Again, the relationship was true only in the V-V group, and not in the V-C group (Table 2) .
In second twins with birth weight 1500-2499 g, the ORs and its 95% CI were 2.97 (1.27, 6.12) for noncongenital anomaly-related death, 7.36 (1.51, 30.01) for asphyxia-related death, 3.47 (1.92, 5.90) for low Apgar score, 1.84 (1.54, 2.18) for ventilation use, and 7.37 (2.50, 19.88) for occurrence of seizure in the V-C group compared with the C-C group. The aORs were slightly attenuated by adjusting for confounders. However, these relationships were not true in the V-X group when we combined the V-V group and V-C group (Table 3) .
In second twins with birth weight X2500 g, the ORs and its 95% CI were 4.28 (1.81, 12.56) for noncongenital anomaly-related death, 2.00 (1.22, 3.41) for low Apgar score, 1.22 (1.10, 1.36) for ventilation use in the V-X group compared with the C-C group. Adjustment for potential confounding factors did not change these results. Moreover, these relationships were also true in both the V-V group and the V-C group and the ORs were much higher in the V-C group. No asphyxia-related death occurred in the C-C a Odds ratios (95% confidence interval) were adjusted for maternal age, race, marital status, cigarette smoking during pregnancy, parity, medical complications (diabetes, pregnancyassociated hypertension, and abnormal labor), abnormality during delivery (precipitous labor, prolonged labor, dysfunctional labor, cephalopelvic disproportion, cord prolapse, and fetal distress), fetal gender, and gestational age (24-27 weeks, 28-31 weeks, and X32 weeks). C-C group: delivery by cesarean section after cesarean delivery of first twin; V-X group: all second twins after vaginal delivery of first twin; V-V group: delivered vaginally after vaginal delivery of first twin; V-C group: the second twins delivered by cesarean section after vaginal delivery of the first twin. N/A: not applicable.
group, whereas the incidence of this death was 0.45% in the V-C group (Table 4) .
Discussion
Our large population-based study found a 6.1% rate of emergency cesarean delivery for the second twin after vaginal delivery of the first twin in vertex-vertex twin pairs, lower than 9.5% in all second twins 7 and much lower than 24.8% in vertex-nonvertex second twins of the same population. 21 This finding is consistent with physicians' consensus that vaginal delivery for twins is safer when both twins are vertex than vertex-nonvertex presentation. 15, 16 Only one previous study has examined the mode of delivery for secondborn twin with vertex-vertex presentation. 22 The rate of cesarean delivery for the second twin after vaginal delivery of the first twin in that study was 16.9%, 22 which was much higher than the rate observed in our study (6.1%). The study by Sullivan et al. 22 was based on a single obstetric care center with a very small sample (106 twin sets). The rates of emergency cesarean delivery for the second twin after vaginal delivery of the first twin were 11.3% in birth weight <1500 g, 5.8% in birth weight 1500-2499 g, and 5.7% in birth weight X2500 g in our study, which indicate that physicians may have a lower threshold to perform an emergency cesarean section for the second-born twin when the fetus was likely to be <1500 g. As a result, the rate of cesarean delivery for the second twin after vaginal delivery of the first twin was higher in this group of infants than those with a birth weight X1500 g.
Our study found that in second twins with birth weight <1500 g, the risks of noncongenital anomaly-related neonatal death, and low Apgar score were increased in all second twins after a Odds ratios (95% confidence interval) were adjusted for maternal age, race, marital status, cigarette smoking during pregnancy, parity, medical complications (diabetes, pregnancyassociated hypertension, and abnormal labor), abnormality during delivery (precipitous labor, prolonged labor, dysfunctional labor, cephalopelvic disproportion, cord prolapse, and fetal distress), fetal gender and gestational age (24-35 weeks and X36 weeks). C-C group: delivery by cesarean section after cesarean delivery of first twin; V-X group: all second twins after vaginal delivery of first twin; V-V group: delivered vaginally after vaginal delivery of first twin; V-C group: the second twins delivered by cesarean section after vaginal delivery of the first twin.
vaginal delivery of first twin as compared with those with both twins delivered by cesarean section. However, none of the ORs was larger than 2. Immediate action by physicians might have prevented some deaths or other severe conditions from occurring in these infants, and the V-C-related neonatal mortality and morbidity was therefore less frequent in them because physicians might have a lower threshold to perform an emergency cesarean section for the second-born twin when the fetus was likely to be <1500 g. However, we should interpret our results with caution because this conclusion was not drawn from randomized clinical trial, and for those delivered by cesarean section, both selective and emergency cesarean section were included. These cases might have different conditions. When there is an indication such as placenta previa or severe pre-eclampsia, elective cesarean section is likely to be offered for the delivery of both twins. As a result, the effect of mode of delivery on neonatal mortality may be biased towards a higher risk of neonatal mortality in the group with both twins delivered by cesarean section. In second twins with birth weight 1500-2499 g, none of the risks of mortality and morbidity was higher than in all second twins after vaginal delivery of first twin as compared with those both twins delivered by cesarean section, which suggests that routing cesarean section for vertex-vertex second twins may not be necessary. Again, we should interpret our results with caution because this conclusion was not from randomized clinical trial. However, we should pay attention to the higher risks of mortality and morbidity in those delivered by cesarean section after vaginal delivery of the first twin. Physicians may be more reluctant to perform emergency cesarean section for the second twin when the fetus was likely to be X1500 g. As a result, delay in intervention a Odds ratios (95% confidence interval) were adjusted for maternal age, race, marital status, cigarette smoking during pregnancy, parity, medical complications (diabetes, pregnancyassociated hypertension, and abnormal labor), abnormality during delivery (precipitous labor, prolonged labor, dysfunctional labor, cephalopelvic disproportion, cord prolapse, and fetal distress), fetal gender, and gestational age (24-35 weeks and X36 weeks). C-C group: delivery by cesarean section after cesarean delivery of first twin; V-X group: all second twins after vaginal delivery of first twin; V-V group: delivered vaginally after vaginal delivery of first twin; V-C group: the second twins delivered by cesarean section after vaginal delivery of the first twin. N/A: not applicable.
by physicians might have caused some deaths or other severe conditions in these infants, and the V-C-related neonatal mortality and morbidity were therefore much higher. In second twins with birth weight X2500 g, the risks of mortality and morbidity were significantly higher in all second twins who delivered after vaginal delivery of first twin. And these ORs were much higher in those cesarean delivered after vaginal delivery of first twin. Again, physicians might be more reluctant to perform emergency cesarean section for the second twin when the fetus was likely to be X2500 g. We suggest that routine cesarean section might be beneficial for those with birth weight X2500 g. However, our conclusion needs to be confirmed from randomized clinical trial.
The limitations of our data should be pointed out. Our study used birth certificate data, which might underestimate certain complications of pregnancy. 23 Other qualities of the data, such as fetal presentation, order of the birth, and the causes of neonatal death might be uncertain. As this was a cohort study, there might be some pre-existing reasons for why a physician chose to offer a patient with vertex-vertex twins a trial of labor, as opposed to an outright cesarean section. The reasons for the decision to perform a cesarean section or vaginal delivery were not available in the data. Selection bias seemed to be the major methodological issue of this study. There might also be characteristics of patients who agreed to a trial of labor that were different from those who desired an elective cesarean section for both twins. Obviously, the only way to obtain the most unbiased estimate of the effects of mode of delivery would be to do a prospective, randomized control trial. In addition, some of the relative risks were based on very small number of subjects. Endogeneity is the second major methodological issue. Endogeneity refers to the fact that an independent variable included in the model is potentially a choice variable, correlated with unobservables relegated to the error term. The use of unconditional logistic regression in this study could not adequately address endogeneity. 24 Potential errors in the coding of cause of death may not be random. For example, for unknown reasons, the incidence of asphyxia-related death in this data was lower than that found in other studies. 25 Another limitation is that we did not analyze separately the twins delivered by the university perinatologist and residents from the twins delivered by the private obstetricians because we have no information on that. However, Greig et al. 26 found that there was no significant difference in the percentage of twins delivered by cesarean section (48 vs 49%) between the two groups.
In conclusion, our large population-based study found the emergency cesarean delivery rate in vertex-vertex second twins whose co-twins delivered vaginally was 6.1%. The risks of mortality and morbidity are significantly increased in second twins with birth weight X2500 g whose co-twins delivered vaginally compared with second twins delivered by cesarean section after cesarean delivery of first twin.
